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NATIONAL AERONAUTICS AND SPACE AOMlNlSlRATlON W O  2-41 55  
WASHINGTON, D.C. 20546 W O  3-6925 

FOR-= SUNDAY 
March 20, 1966 

I RELEASE NO: 66-60 

u. s. To LAUNCH 

MOST ADVANCED 

UNMANNED SPACECRAFT 

The United States w i l l  at tempt t o  launch i ts  most 

advanced unmanned spacec ra f t  from Cape Kennedy on March 24. 

It w i l l  be the first i n  a series of f o u r  Orbi t ing  

Astronomical Observator ies  (OAO) designed t o  g ive  astrono-  

mers the i r  first sus ta ined  look i n t o  the  universe  from above 

the obscuring and d i s t o r t i n g  e f f e c t s  of the Earth 's  atmosphere. 

The 3,900-pound observatory will be the  heav ie s t  space- 

c r a f t  ever  c a r r i e d  by the Atlas-Agena launch vehic le .  O A O I s  

diameter i s  larger than t h a t  of the Agena stage, r equ i r ing  a 

s p e c i a l  th ree-sec t ion  clam-shell shroud t o  cover  both space- 

c r a f t  and Agena. 1 

-more- 
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This f i rs t  OAO w i l l  c a r r y  f o u r  experiments to study 

the  u l t r a v i o l e t ,  X-ray and gamma ray reg ions  of the e l e c t r o -  

magnetic spectrum. These r a d i a t i o n s  have s h o r t e r  wavelengths 

and higher  f requencies  than v i s i b l e  l i g h t  and cannot be 

s tud ied  by ground-based observa t ions  . Studies  of these 

reg ions  should enable  astronomers t o  de f ine  better the chemi- 

c a l  composition, p ressure  and d e n s i t y  of s t e l l a r  o b j e c t s .  

The s p a c e c r a f t ' s  planned o r b i t  i s  c i r c u l a r ,  500 s t a t u t e  

miles above t h e  Earth a t  an  i n c l i n a t i o n  of about 35 degrees,  

w i t h  an  o r b i t a l  per iod of about 101 minutes. Th i s  o r b i t  is 

designed to c a r r y  the  spacec ra f t  above the  Ea r th ' s  atmosphere 

and ye t  avoid poss ib l e  harmful effects  of exposure t o  radia- 

t i o n  a t  higher a l t i t u d e s .  

If  t h e  launch i s  successfu l ,  t h i s  spacecraf t  w i l l  be 

named OAO I. ' P r i o r  to launch it is  designated OAO-A1. 

A s  t h e  largest, heav ie s t  and most e l e c t r o n i c a l l y  complex 

unmanned spacec ra f t  ever  developed by the United States, the 

OAO conta ins  more than  440,000 sepa ra t e  parts and 30 miles of 

e l e c t r i c a l  wir ing.  

~ ~~ 
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Its  rnain bcdy  i s  R ten-foot-long, e ight-s idzd cy l inder ,  

seven feet wide. A centra3 t u b e ,  f ou r  fee t  I n  diameter, run- 

ning through the main body, carries 1,000 pounds of astronomi- 

c a l  observing instruments.  E lec t ronic  equipnent i s  mounted on 

she lves  loca t ed  i n  the  na in  s t r u c t u r e  around the  experiment- 

ca r ry ing  tube .  

With its s n l a r  panels extended, the w e r a l l  width of t he  

spacec ra f t  i s  21 feet .  Other prominent e x t e r n a l  c h a r a c t e r i s -  

t i c s  of OAO inc lude  t w o  n ine  and one-half foot-long balance 

weight booms loca ted  a t  opposite sides near  the  top  of the 

main body. A cover, o r  sumhade i s  mounted a t  the top  of the 

c e n t r a l  experiment tube to protec t  the o p t i c a l  instruments  

from the  direct  rays of the sun. 

During the launch phase, OAO's  external appendages are 

fo lded  cocoon-like a g a i n s t  the main body. Once i n  o r b i t ,  

t he  s o l a r  pane ls  and booms unfold t o  the i r  ope ra t iona l  posi-  

t i o n  g iv ing  OAO a b a t - l i k e  appearance. 

-more- 



OAO r e p r e s e n t s  new m i l e s t o n e s  of e n g i n e e r i n g  achievement .  

The c h a l l e n g e s  posed b g r  an obser'vatory of' its magnitude a r z  

pe rhaps  best  e x e m 2 l i f i e d  by t n e  development of the c o n t r o l  

systern which c a n  p o i n t  s c i e n t i f i c  i n s t r u m e n t s  w i t h  a p r e c  ision 

comparable  t o  viewing  t h e  width of a p e n c i l  a t  a d i s t a n c e  of 

r{5 f e e t  on t h e  f irst  OAO and a t  a d i s t a n c e  of t e n  miles on 

OAO-C. 

Tnis  p y e c i s e  p o i n t i n g  c a p a b i l i t y  i s  made p o s s i b l e  p r i m a r i l y  

by s i x  t e l e s c o p e  s t a r  t rackers  mounted a t  v a r i o u s  l o c a t i o n s  

on t h e  main body. 

Other i m p o r t a n t  OAO e n g i n e e r i n g  f e a t u r e s  i n c l u d e :  

-- A d a t a  storing c a p a b i l i t y  of u p  t o  8,192 words each con- 

t a i n i n g  25 separate b i t s  of expe r imen t  data and/or  s p a c e c r a f t  

s t a t u s  i n f o r m a t i o n ,  w i t h  a t o t a l  c a p a c i t y  of 204,800 bits of  

data. 

-- An on-board memory sys tem capable of s t o r i n g  128 d i f f e r e n t  

commands which are e x e c u t e d  a u t o m a t i c a l l y  when t h e  o b s e r v a t o r y  

i s  o u t  o f  r a n g e  of  the  three OAO d a t a - a c q u i s i t i o n  s t a t i o n s  

l o c a t e d  a t  Rosman, N.  C . ;  Q u i t o ,  Ecuador,  and  S a n t i a g o ,  Chi-le. 

-more- 



T h i s  f irst  OAO w i l l  ca r ry  f o u r  s c i e n t i f i c  experiments 

designed t o  s tudy stars and o ther  c e l e s t i a l  o b j e c t s  i n  the 

u l t r a - v i o l e t ,  X-ray and gamna ray spectral regions.  To date, 

the t o t a l  amount of d i r e c t  s c i e n t i f i c  observat ion i n  these 

reg ions ,  obtained from sounding rocke t s  and bal loon f l i g h t s  

above the Earth 's  atmosphere, t o t a l s  less than  an  hour, 

Thus, even on i t s  maiden mission, the  p o t e n t i a l  o f f e red  

by OAO i n  expanding man's knowledge o f ' t h e  universe  rank it, 

i n  many respects, w i t h  t he  invent ion of the  te lescope .  

The OAO's experiment t u b e  conta ins  as t ronomical  observ- 

i ng  instruments  provided by the  Univers i ty  of Wisconsin, t he  

Massachusetts I n s t i t u t e  of Technology, the  Lockheed Missiles 

and Space Coo, and the  NASA Goddard Space F l i g h t  Center,  

The Wisconsin experiment, a series of seven te lescopes ,  

i s  designed t o  study stars and nebulae i n  va r ious  reg ions  of 

t he  u l t r a v i o l e t  spectrum not  v i s i b l e  from Earth, It occupies 

the forward-looking o r  "top" por t ion  of the experiment tube.  

-more- 
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The aft s e c t i o n  conta ins  t h e  MIT, Lockheed and Goddard 

experiments which are  concerned w i t h  t h e  s t u d y  of X-ray and 

gamma ray s p e c t r a l  regions.  

The Orbi t ing  Astronomical Observatory program 1.s p a r t  

of the  s c i e n t i f i c  space explora t ion  program conducted by NASA's 

Off ice  of Space Science and Applicat ions.  OAO p r o j e c t  manage- 

ment i s  under d i r e c t i o n  of the G6ddard Space F l i g h t  Center,  

Greenbelt ,  Md. 

The Atlas-Agena i s  managed by the Lewis Research Center, 

Cleveland, O.,  and launched by Kennedy Space Center,  F l a .  

Development of t he  OAO-A1 spacec ra f t  was accomplished by t h e  

OAO prime con t r ac to r ,  Grumman A i r c r a f t  Engineering Corp., 

Bethpage, N.Y. The Wisconsin experiment was developed by 

Cook Laborator ies ,  Chicago. Cont rac tors  from throughout the 

country provided var ious  subsys tems and ins t rumenta t ion  f o r  

t h e  spacec ra f t  . 

Contractors  f o r  t he  Atlas Agena are General Dynamics/ 

Convair, San Diego, and Lockheed Missiles and Space Co., 

Sunnyvale, Calif. 

(END OF GENERAL NEWS RELEASE) 

BACKGROUND MATERIAL FOLLOWS 
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OAO-A1 SPACECRAFT 

The world's first in-space astronomical observatory 

c o n s i s t s  of an eight-sided main body t e n  feet  long and seven 

fee t  wide. S i x  sets of s o l a r - c e l l  panels ,  cons is t ing  of two 

arrays of t h r e e  pane ls  each covered w i t h  more than 74,000 

s o l a r  c e l l s ,  g ive  the spacec ra f t  its o v e r a l l  w i d t h  of 21 

fee t .  

The i n t e r n a l  s t r u c t u r e  arrangement of t he  main body 

inc ludes  a four-foot-wide central  tube where the experiments 

are mounted, surrounded by v e r t i c a l  t r u s s e s  and h o r i z o n t a l  

she lves ,  The bays formed by the t r u s s e s  and she lves  provide 

space f o r  mounting spacec ra f t  e l e c t r o n i c s  and data handling 

systems . 
The main body i s  constructed of r i v e t e d  or  spot-welded 

aluminum a l l o y ,  Extensive use has been made of aluminum 

honeycomb i n  l o c a t i o n s  where high r i g i d i t y  i s  needed. A 

t h i n  nons t ruc tu ra l  covering of s p e c i a l l y  f a b r i c a t e d  aluminum 

coated w i t h  Alzak (an aluminum oxide produced by ALCOA) covers 

t h e  main body except f o r  the experiment opening. The treated- 

aluminum-covering i s  designed t o  p r o t e c t  spacec ra f t  e l e c t r o n i c s  

from damage by micrometeorites and i s  a v i t a l  part of t h e  

pass ive  thermal con t ro l  system. 

- more - 
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ATTITUDE CONTROL SYSTEM 

Success of the OAO-A1 mission depends on the a b i l i t y  

of the 3,900-pound observatory t o  p o i n t  i ts  astronomical  

instruments  a t  pre-se lec ted  ob jec t s  i n  space. The OAO 

con t ro l  system i s  one of the most advanced ever  developed. 

A f t e r  launching and sepa ra t ion  from the Agena D upper 

stage rocket ,  t h e  c o n t r o l  system w i l l  f irst reduce the sepa ra t ion  

tumbling rate and s t a b i l i z e  i t s e l f  on the Sun. Once Sun 

s t a b i l i z a t i o n  i s  achieved, a s t e l l a r  r e fe rence  p o i n t  w i l l  

be established by ape-programed, on-board set of s t o r e d  

commands or through ground command. The spacecraf t  w i l l  

then  be turned  au tomat ica l ly  t o  the desired po in t ing  d i r e c t i o n .  

T h i s  po in t ing  d i r e c t i o n  must be p r e c i s e l y  maintained t o  

permit experiment observat ions.  

The equipment used t o  sense OAO motions c o n s i s t s  of 

rate gyros t o  measure i n i t i a l  tumbling rates, s o l a r  sensors  

t o  establish the d i r e c t i o n  of t h e  Sun, and s i x  gimbaled 

s tar  t rackers - - the  heart of the system. The star trackers 

are designed t o  acqui re  s e l e c t e d  guide stars, t r a c k  t h e m  

cont inuously and a t  t h e  same t i m e  t o  measure t he i r  d i r e c t i o n  

w i t h  r e s p e c t  to the s p a c e c r a f t  axes. 

- more - 
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Iricluded as a backup i s  a wide-angle TV camera wi th  a 

r e t i c l e  f o r  angle  measurements and a €ixed star t r a c k e r  which 

w i l l  be bore-sighted to t h e  o p t i c a l  a x i s  of the Wisconsin 

experiment to improve spacec ra f t  po in t ing  accuracy. 

To i n i t i a t e  con t ro l  maneuvers, t he  spacec ra f t  uses  a n i t rogen  

gas  j e t  system--used p r imar i ly  for i n i t i a l  s t a b i l i z a t i o n - - a  

coarse momentum wheel system for l a r g e  angle  r e o r i e n t a t i o n  

arid a f i n e  momentum wheel system f o r  s tar  t r a c k e r  con t ro l .  

The key to t h e  NOcon t ro l  system i s  the  s tar  t r a c k e r  system. 

It m u s t  b e  ab l e  t o  po in t  the  observatory to an accuracy of 

one minute of a r c  and maintain t h i s  po in t ing  d i r e c t i o n  within 

15 a r c  seconds for 50 minutes. T h i s  accuracy i s  needed to 

assu re  t h a t  des i r ed  “ t a r g e t ”  stars f a l l  w i th in  the  f i e l d  of 

view of the  experiments. 

Each s ta r  t r a c k e r  i s  a small 3.5-inch r e f l e c t i n g  

te lescope  mounted i n  two degree-of-freedom mechanical gimbals. 

The incoming t a r g e t  star image is s p l i t  i n t o  two l i g h t  beams 

to provide error s i g n a l s  about t h e  two gimbal axes. The beams 

a r e  modulated by a system of v i b r a t i n g  reeds,  de t ec t ed  by a 

photomul t ip l ie r  and e l e c t r i c a l l y  separa ted  i n t o  e r r o r  s i g n a l s ,  

- more - 
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The r e s u l t i n g  e r r o r  s i g n a l s  are then used t o  d r i v e  

dcgtorquer  motors i n  t h e  gimbal axes. 

measured by v a r i a b l e  capaci tance t ransducers  w i t h  a r e s o l u t i o n  

of about f i v e  a r c  seconds. 

Gimbal angles are 

Two t r a c k e r s  are s u f f i c i e n t  t o  provide po in t ing  

information under normal operat ing condi t ions.  However, 

s i x  t r a c k e r s  are used t o  allow f o r  o c c u l t a t i o n  of guide 

stars by the Earth, t o  maintain proper r e fe rence  when t h e  

s p a c e c r a f t  shifts  guide stars and for redundancy t o  improve 

the lifetime of the  observatory.  

THE COMMUNICATIONS SYSTEDI 

The communications system of the OAO inc ludes  equipment 

t o  r ece ive  command s i g n a l s  from the ground and t o  t ransmi t  

t r a c k i n g  s igna l s ,  command v e r i f i c a t i o n  s igna l s ,  and space- 

c ra f t  and experiment data. The equipment c o n s i s t s  of four  

r a d i o  links: 

Radio PCM/AN command, t r ansmi t t i ng  on 148 Mc. 

Radio t r a c k i n g  beacon, t r ansmi t t i ng  on 136 Mc. 

Wideband PCM/NRZ/FM telemetry, t r a n s m i t t i n g  on 400 Mc. 

Narrowband PCM/PSK telemetry,  t r a n s m i t t i n g  on 136 Mc. 

* d i r e c t  c u r r e n t  

- more - 
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The r a d i o  command system includes two pairs of command 

r e c e i v e r s  used w i t h  two VHF ( v e r y  high frequency) antennas 

i n  what i s  descr ibed  as a d i v e r s i t y  rece iv ing  system. 

rece ivers ,  used w i t h  each of the antennas f o r  redundancy, 

provide the b a s i c  r a d i o  l i n k  for ground con t ro l  of space- 

c r a f t  subsystems and the  experiments. 

These 

The r ad io  t r ack ing  beacons (two are used f o r  redundancy) 

are designed t o  provide continuous s i g n a l s  t o  permit ground 

t r ack ing  of t h e  spacec ra f t  by the world-wide NASA S a t e l l i t e  

Tracking and Data Acquis i t ion  Network (STADAN), 

The wideband te lemet ry  l i n k  c o n s i s t s  of two i d e n t i c a l  

t r a n s m i t t e r s  ( e i t h e r  of which may be s e l e c t e d  by ground 

command) t o  t ransmi t  analog and digi ta l  data from the 

experiments and spacecraf t .  

be s e l e c t e d  by ground command. 

i n  r e a l  time only; d igi ta l  data w i l l  be t r ansmi t t ed  e i t h e r  

i n  real time o r  from on board s torage  a t  r a t e s  up t o  50,000 

b i t s  p e r  second. 

Data t o  be t ransmi t ted  w i l l  

Analog data will be t ransmi t ted  

The narrowband telemetry l i nk  c o n s i s t s  ol” two i d e n t i c a l  

t r a n s m i t t e r s  

command) t o  t ransmi t  information from the spacec ra f t  subsystems’ 

(either of which may be s e l e c t e d  by ground 

environmental  instrumentat ion,  and s i g n a l s  from the command 

- more - 
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system t r ansmi t t ed  t o  t h e  ground f o r  v e r i f i c a t i o n .  This  

l i n k  w i l l  a l s o  be used as a back up t o  the wideband l ink.  

Two p a i r s  o r  se ts  of antenna r a d i a t o r s  w i l l  a l s o  be 

employed on 08041. From a func t iona l  s tandpoint ,  excluding 

the  redundancy of t r ansmi t t e r s  and r ece ive r s ,  an antenna set 

will opera te  with the t racking  beacon and narrowband-tele- 

metry t r a n s m i t t e r s  a t  approximately 136 Mc, and w i t h  the 

command r e c e i v e r s  a t  approximately 148 Mc. F ina l ly ,  a UHF 

( u l t r a h i g h  frequency) antenna se t  w i l l  be used w i t h  the wide- 

band-telemetry t r a n s m i t t e r  a t  approximately 400 Mc. 

antenna arrangement provides  omnidirect ional  coverage about 

t h e  observatory,  and i t s  p o l a r i z a t i o n  c h a r a c t e r i s t i c s  are com- 

p a t i b l e  with those  of the ground systems. 

T h i s  

Operating commands f o r  OAO w i l l  be t r ansmi t t ed  from 

s p e c i a l l y  equipped STADAN s t a t i o n s  loca t ed  a t  Rosman, N. C.; 

Quito,  Ecuador; and Santiago, Chile. The command program 

w i l l  be d i r e c t e d  through the OAO Control Center l oca t ed  a t  

the Goddard Space Plight Center. 

- more - 
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DATA PROCESSING SYSTEM 

The OAO on-board data-processing subsysvem has 

c i r c u i t r y  and s to rage  c a p a b i l i t i e s  t o  v e r i f y ,  decode, 

s t o r e ,  and d i s t r i b u t e  d i g i t a l  data and t r ansmi t  t h i s  

information Prom s to rage  on ground command. The system 

provides  t iming s i g n a l s  f o r  i n t e r n a l  synchronizat ion of t h e  

data-processing subsystem as well as f o r  use  by t h e  experiment 

and spacec ra f t  housekeeping func t ions ,  The system inc ludes  

spacec ra f t  and experiment data-handling equipment t o  accept  

d i g i t a l  data ,  accept  and convert  analog data t o  d ig i t a l  data, 

and to assemble t h e  data i n t o  a format s u i t a b l e  for s to rage  

or  real- t ime t ransmission t o  the  ground. 

The command decoder can handle two c l a s s e s  of commands, 

real- t ime and s to red .  Real-time commands a r e  those designed 

t o  be executed immediately a f t e r  having been v e r i f i e d  i n  

t h e  spacec ra f t  from a b i t -by -b i t  comparison of t he  command 

with i t s  complement as received from the  ground s t a t i o n .  

S tored  commands a r e  those placed i n  s to rage  f o r  execut ion 

a t  a l a t e r  time. Stored commands w i l l  have on-board v e r i f i c a t i o n  

by complement comparison before  s torage .  I n  add i t ion ,  a l l  

commands will- be r e t r ansmi t t ed  t o  t h e  ground and the  contents  

of t h e  command s to rage  may be t r ansmi t t ed  t o  t h e  ground over 

t h e  narrowband-telemetry link, t o  permi’l; ground v e r i f i c a t i o n .  

S t o r e d  commands w i l l  be programmable f o r  t imes between 0 and 

1,023 m i n u t e s ,  and can be executed i n  one-minute increments. 
- more - 
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If two or more commands have the same time code, they will 

be executed within t h e  same minute increment, i n  the same order  

i n  which they  were received. 

The three types of OAO-A1 commands are ( a )  control ,  

( b )  experiment, and ( c )  point ing.  Control commands--those 

in tended  t o  con t ro l  spacecraf t  equipments--will t u r n  equipment 

of f  and on, change operat ion modes, and program operat ions.  

Experiment commands w i l l  cont ro l  experimenter equipment. 

The command word, containing a maximum of 30 opera t iona l  

i n s t r u c t i o n  b i t s ,  w i l l  be s en t  t o  the  experiment serial  

over one of 26 prese lec ted  channel address  wires. 

commands w i l l  cons i s t  of t h e  s tar  t r a c k e r  gimbal-angle 

commands and coarse wheel-slewing commands needed t o  o r i e n t  

the observatory.  

Point ing 

The cormnand s torage  capaci ty  i s  128 commands. The 

data-s torage instrument  u s e s  f e r r i t e - c o r e  memory devices  i n  

which s t o r e d  data w i l l  not  be destroyed by readout o r  

loss  of power. The OAO-A1 data-s torage capac i ty  i s  4,096 

words--25 b i t s  p e r  word--when operat ing i n  a 100 percent  

redundant mode. It is  capable of nonredundant operat ion 

w i t h  the capac i ty  doubled t o  8,192 words. 

- more - 



Data w i l l  be s t o r a b l e  i n  p a r a l l e l  form. Read-in time 

f o r  p a r a l l e l  data w i l l  be approxlrnabely 10 microseconds p e r  

word. The s t o r e d  data will be read  out i n  s e r i a l  form under 

con t ro l  of t he  da ta  progranmcr, and routed through e i t h e r  

t he  widcband o r  t h e  narrowband t r a n s m i t t e r  system. The 

data programmer w i l l  s e l e c t  t h e  appropr i a t e  data-read rate.  

A system clock, whichprovides t h e  t iming s i g n a l s  o r  

pu l se s  requi red  by t h e  observatory,  will synchronize a l l  

data words and command words. The clock w i l l  a l s o  provide 

1,0211 m i n u t e s  of e lapsed time, a v a i l a b l e  i n  one-minute 

increments, for t iming c o r r e l a t i o n  of command input  data 

p l u s  experiment and spacec ra f t  output  data. 

data-handling equipment w i l l  process  spacec ra f t  s t a t u s  data. 

Approximately 400 time-multiplexed data channels w i l l  be 

a v a i l a b l e .  

Spacecraf t  

Analog data will be encoded t o  an  accuracy of e i g h t  

b inary  b i t s .  

i n  b ina ry  form w i l l  be assembled i n t o  a format s u i t a b l e  

f o r  s torage  o r  real- t ime PCM/PSK (Pulse-code modulation, phase- 

shif t -keyed)  t ransmission t o  t h e  ground over the narrowband- 

t r a n s m i t t e r  system. 

Encoded analog data and data o r i g i n a l l y  generated 

- more - 
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Experiment data-handling equipment on the spacec ra f t  

will accept ,  convert, and assemble experiment and s e l e c t e d  

s t a t u s  data i n t o  a format s u i t a b l e  ei ther f o r  s to rage  o r  

f o r  real-time transmission t o  the  ground as a PCN pu l se  

t r a i n .  Real-time transmission of experiment data w i l l  back 

up the data-s torage system. During real- t ime transmission, 

data sources  w i l l  be sampled i n  a c y c l i c  time sequence con t ro l l ed  

by a real-time programmer included as p a r t  cf the experiment 

data-handling equipment . 

POIER SUPPLY 

The b a s i c  power source for the observatory i s  an array 

of 74,618, glass-covered, p-on-n, s i l i c o n  s o l a r  c e l l s  mounted 

on s i x  panels  t o  convert  s o l a r  energy i n t o  e l e c t r i c a l  energy. 

A nickel-cadmium s to rage  ba t te ry ,  rechargeable  from the s o l a r  

c e l l s ,  w i l l  supply power while the OAO-A1 i s  i n  the Earth's 

shadow, and f o r  s h o r t  peak requirements which exceed the 

ins tan taneous  c a p a b i l i t y  o? the s o l a r  array. 

Anticipated power requirements f o r  the complete observatory 

are 405 watts average per o r b i t ,  with s h o r t  peak demands as 

high as 980 watts. 

60 watts peak w i l l  be a v a i l a b l e  t o  the experimenters. 

Nominal supply vol tage  f o r  the observatory will be 28 v o l t s ,  

O f  t h i s  power, 30 watts average and 

- more - 
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SPACECRAFT TI-IERT*'iAL COI'JT'3OL 

OAO-A1 thernial con t ro l  i s  a pass ive  system accomplished 

by i s o l a t i n g  'clze i n t e r n a l  spacec ra f t  s t r u c t u r e  from both 

i n t e r n a l  and e x t e r n a l  hea t  sources.  The ob jec t ive  i s  to 

permit the observa tory ' s  i n t e r n a l  struc'cure to opera te  i n  a 

constant te imperature  environment with only minor cliariges, 

thereby minimizing thermal d i s t o r t i o n s  during P l i g h t .  

The spacec ra f t  surface,which i s  the primary source of 

e x t e r n a l  hea t ,  i s  i s o l a t e d  from t h e  i n t e r n a l  s t r u c t u r e  by 

i n s u l a t i o n  cons i s t ing  of nylon f i t t i r i g s  . Furthermore, the 

des ign  of the spacec ra f t  ou te r  su r f ace  permits  d i s t o r t i o n  

due to thermal e f f e c t s  without imposing loads on the i n t e r n a l  

s t r u c t u r e  . 

The observa tory ' s  e l e c t r o n i c  equipment i s  t h e  primary 

source of i n t e r n a l  hea t .  The heat i s  i s o l a t e d  from the i n t e r n a l  

s t r u c t u r e ,  as much as poss ib l e ,  by i n s u l a t i n g  mounting bracke ts  

to reduce hea t  conduction, and by enclosures  of f o i l - t y p e  

i n s u l a t i o n  which reduce r a d i a n t  heat e f f e c t s .  

The observa tory ' s  equipnent has an ope ra t iona l  

temperature range of approximately Oo to looo F. 
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Environmentally, the OAO's internal structure w i l l  

be sub jec t ed  t o  a temperature range of from -boo or +5O F. 

OAO-A1 SCIENTIFIC OELJECTIVES 

Until the advent of the spsce age, astronomers studied 

the universe under the obscuring and distorting effects of 

the Earth's atmosphere. These studies were largely limited 

to relatively small portions in the visible light radio- 

frequency spectral regions. 

Despite these handicaps, contributions by astronomers 

over the centuries have immeasurably extended man's 

understanaing of the solar systemad the universe. 

With the OAO, the opportunity now exists to greatly 

extend the frontiers of astronomy, by placing observing 

instruments above the atmosphere. For the first time, 

the ultraviolet,x-ray, and gamma ray regions of the spectrum 

will become accessible to study for extended periods of time. 

No longer w i l l  observations be restricted because of the 

twinkling effect of the atmosphere, nor will light in the 

night sky limit the detection of faint objects. 

- more - 
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The s c i e n t i f i c  p o t e n t i a l  offered by the OAO spacec ra f t  

ser ies-conduct ing s t u d i e s  throughout the e n t i r e  e l e c t r o -  

magnetic spectrum-should have a great impact on the f u t u r e  

course of s t e l l a r  astronomy. 

Same of t h e  p re sen t  and p o t e n t i a l  areas of OAO 

i n v e s t i g a t i o n  inc lude :  

-Study of very h o t  stars radiating s t r o n g l y  i n  u l t r a -  

v i o l e t  l ight.  

-Study of x-ray and gamma r ay  r ad ia t ion .  

-Grea te r  i n s i g h t s  i n t o  the process of star evolut ion.  

-Study of ga l ax ie s  i n  u l t r a v i o l e t  l ight  t o  determine 

aging e f f e c t s .  

-Observation i n  i n f r a r e d  t o  permit t he  f irst  look a t  the 

cen te r  of our galaxy. 

-Study of p l ane ta ry  r a d i a t i o n s  i n  t h e  u l t r a v i o l e t  and i n f r a r e d .  

-The use of te lescopes  of g r e a t  r e s o l u t i o n  on f u t u r e  OAO 

spacec ra f t  could g ive  astronomers a look a t  o b j e c t s  

near  the edge of t he  universe. 

- more - 



SCIEiWIFIC EXPElUMENTS ASSIGNED TO J?UTURE OAOS 

Experiments for t he  next th ree  OAO spacecraf t  are: 

- OAO-B, scheduled t o  be launched i n  early 1967, w i l l  

f l y  the Goddard Experiment Package (GEP), an instrument 

of moderate r e so lu t ion  t o  do absolu te  spectrophotometry 

i n  the  u l t r a v i o l e t  regioi:. 

- OAO-A2, carrying the u l t r a v i o l e t  sky survey Celescope 

instrument of t k  'SmithsonIan Astrophysical  Observatory 

and a repeat of t h e  Universi ty  of Wisconsin experiment, 

w i l l  b e  launched la te  i n  1967. 

- OAO-C, scheduled for mid-1968, will ca r ry  a high 

re so lu t ion  u l t r a v i o l e t  o p t i c a l  instrument  developed 

by Princeton Universi ty  and a s te l lar  and nebular  x-ray 

instrument developed j o i n t l y  by t h e  Univers i ty  College, 

London, and the  Universi ty  of Leicester ,  England. 

ORIGIIG O F  THE OAO PROGRAM 

Shor t ly  after the launching of Sputnik I by the USSR i n  

1957, Dr. Lloyd, V. Berkner, chairman of the Space Science 

Board of the Nat ional  Academy of Science, reques ted  200 U.S. 

s c i e n t i s t s  t o  submit recommendations t o  him for s c i e n t i f i c  

experiments which could be performed by a satel l i te  w i t h  a 

100-pound payload. Much of NASAls e a r l y  s c i e n t i f i c  space 

e f f o r t  w a s  based on the replies t o  Dr. Berber's request .  

- more - 



I n  May 1959, the  requirements Of var ious  proposed 

experiments were formulated i n  detail ,  and some gene ra l  

engineering approaches were discussed.  On the basis of 

material developed, a group from the Ames Research Center 

prepared a set  of prel iminary engineer ing s p e c i f i c a t i o n s  for 

Orbit ing Astronomical Observatory spacec ra f t .  

F i n a l  s p e c i f i c a t i o n s  prepared by the o r i g i n a l  OAO 

p r o j e c t  team headed by Robert R. Z i e m e r ,  P ro j ec t  Manager, 

were c i r c u l a t e d  to i ndus t ry  i n  t h e  s p r i n g  of 1960. I n  

October 1960, the Grumman A i r c r a f t  Engineering Corporation, 

Bethpage, N. Y., was formally designated as the prime c o n t r a c t o r  

for the spacec ra f t  system. 

OAO-A1 SCIENTIPIC EXPERIMENTS 

The f o u r  as t ronomical  experiments slated f o r  f l igh t  on 

board OAO-A1 are designed t o  cover a broad range of measure- 

ments i n  non-visible spectral  regions.  They inc lude  the 

Universi ty  of Wisconsin broad band u l t r a v i o l e t  t e lescope  

packal;e, d e t e c t i o n  devices  t o  s tudy  s o f t  x-rays and more 

ene rge t i c  l i g h t  c a l l e d  gamma rays. Through i t s  complex 

ground spacecraf t  a t t i t u d e  c o n t r o l  system, OAO-A1 will be 

aimed a t  i n d i v i d u a l  ob jec t s  i n  space w i t h  a p r e c i s i o n  neyer 

be fo re  a t t a i n e d  by an  o r b i t i n g  sa te l l i t e .  

"sed' w i l l  be radioed back t o  Earth i n  the form of d i g i t a l  data 

f o r  a n a l y s i s  by t he  experimenters.  

What the experiments 

- more - 
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THE UNIVERSITY OF WISCONSIN EXPEXUMENT 

This experiment, a complex series of s p e c i a l  u l t r a -  

v i o l e t  t e lescopes  and assoc ia ted  e l ec t ron ic s ,  i s  designed t o  

conduct a d e t a i l e d  s tudy of emissions i n  u l t r a v i o l e t  l ight 

from about 200 stars and nebulae. 

i s  near  t o  the b lue  band of the  v i s i b l e  l ight po r t ion  of 

the spectrum. The experimentls range of operat ion is from 

about 1,000 t o  4,200 Angstroms. 

measurement about 254 mil l ion ths  of an  inch  long used t o  

measure the length of l ight waves.) 

The u l t r a v i o l e t  spectrum 

(Angstrom i s  a u n i t  of 

The r e s u l t i n g  information, i n  terms of s p e c t r a l  energy 

d i s t r i b u t i o n  and time-varying s p e c t r a l  i n t e n s i t y ,  will 

enable astronomers t o  b e t t e r  define the chemical composition, 

p re s su re  and dens i ty  of s t e l l a r  ob jec ts .  T h i s  information 

could r e s u l t  i n  r e v i s i o n  of present  t h e o r i e s  of s te l lar  

o r i g i n  and evolut ion.  The a c t u a l  measurements w i l l  be obtained 

by photometers, s t o r e d  on board the spacecraf t ,  and t r ansmi t t ed  

t o  Earth by telemetry. 

Developed by the Space Astronomy Laboratory of the 

Univers i ty  of Wisconsin under d i r e c t i o n  of Professor  Arthur 

D. Code, the experiment cons i s t s  of  three basic photometric 

systems : 

- more - 
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1, A mult ico lor  f i l t e r  photometer system intended 

p r imar i ly  f o r  measurement of  stars, cons is t ing  of four  eight- 

inch  te lescopes,  each sending information t o  a sepa ra t e  three- 

co lor  f i l t e r  photometer. 

2. A mult ico lor  f i l t e r  photometer system designed 

primarily t o  s t u d y  nebulae, cons is t ing  of a 16-inch te lescope.  

3. A scanning spectrometer system employing two 3b j e c t i v e  

grating spectrometers  with a n  aper ture  of about s i x  by eight 

inches . 

I n  genera l  terms, the experiment works as fol lows:  

The stellar photometer te lescopes and a s soc ia t ed  mechanisms 

measure  t h e  i n t e n s i t y  of incoming u l t r a v i o l e t  l ight and 

convert  t hese  measurements i n t o  e l e c t r i c a l  s igna l s .  

us ing  a r o t a t i n g  f i l t e r  wheel, measurements a t  d i f f e r e n t  

wavelengths are obtained. The nebular  photometer performs 

similarly. The spectrometer spreads the star l ight  into a 

rainbow" allowing the independent measurement of var ious 11 

wavelengths ( co lo r s )  wi thout  the need for f i l t e rs .  

The experiment i s  cont ro l led  by a complex e l e c t r o n i c  

system containing more than 450 encapsulated d i g i t a l  c i r c u i t  

modules loca t ed  on an equipment shelf of the s p a c e c r a f t ' s  main 

body . 
- More - 
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The experiment o p t i c s  a r e  p ro tec t ed  by a sunshade 

loca ted  a t  the top  of the spacecraf t .  During the launch 

phase t h e  sunshade w i l l  be c losed over t h e  experiment t u b e .  

After  o r b i t  i s  a t t a i n e d ,  t he  sunshade w i l l  be opened to 

permit experiment operat ion.  If the OAO-A1 con t ro l  system 

i s  inadve r t en t ly  pointed toward t h e  Sun, the shade w i l l  

c l o se  au tomat ica l ly  to keep out p o t e n t i a l l y  damaging 

s o l a r  rays. 

THE NIT  GAI'4T.U RAY EXPERIPlEITC 

T h i s  high-energy gamma ray  d e t e c t o r  device,  developed 

by D r .  W. L. Kraushaar of t h e  Massachusetts I n s t i t u t e  of 

Technology, was first  f;lown on board t h e  Explorer X I  by 

NASA i n  April  1961. However, s ince  the s a t e l l i t e  was not 

designed to b e  p r e c i s e l y  s t a b i l i z e d ,  t h e  de t ec to r ,  al though 

i t  operated f o r  141 hours, viewed t h e  sky haphazardly and 

could not be aimed a t  gamma r a y  sources.  The s h o r t  opera t ing  

l i f e  r e s u l t e d  from the  high o r b i t  of t h i s  s a t e l l i t e  s i n c e  t h e  

experiment could opera te  only below t h e  r a d i a t i o n  b e l t s  

- more - 
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With the s t a b i l i z e d  OAO-A1 and lower o r b i t  t h i s  p r o b l m  

should 4e overcome and the detector-a "sandwich" c r y s t a l  

s c in t i l l a to r - - shou ld  be a most u s e f u l  t o o l  t o  measure 

the i n t e n s i t y  and a r r i v a l  d i r e c t i o n  of high energy gamma 

rays. These rays a r e  bel ieved t o  r e s u l t  from the c o l l i s i o n  

of cosmic rays and the gas which ex is t s  ir, t he  space between 

stars. 

gamma rays,  the quest ion of the o r i g l n  of cosmic rays may be 

answered. 

purpose is  important s ince, lmlike cosmic rays, gamma rays are 

e l e c t r i c a l l y  n e u t r a l  an< t h u s  can t r a v e l  thro?lgh i n t e r s t e l l a r  

space undef lec ted  by magnetic f ie lds .  

i3y l ea rn ing  the p o i n t  of o r i g i n  of high energy 

The study of high energy gamma rays  for this 

The s tudy  of recentl:.  discovered sources  of so-cal led 

soft X-rays, as a r e s u l t  of sounding rocket  i nves t iga t ions ,  

i s  the purpose of t h i s  experiment developed by the Lockheed 

Missiles and Space Co., under the C i rec t ion  of Dr, P h i l i p  

C, F i sher  a t  the LocMieed P a l o  A l t o  Research Laborator ies .  

- more - 
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Although X-ray emissions from the Sun have been s tudied  

f o r  about 15 years ,  no other s t e l l a r  source of X-rays was 

known u n t i l  1952. Since then ,  based on i n v e s t i g a t i o n s  con- 

ducted w i t h  sounding rockets ,  about t e n  d i f f e r e n t  c e l e s t i a l  

X-ray sources have been discovered. 

tha t  these sources a re  located wi th in  ou r  own galaxy. This 

i s  p a 2 t i c u l a r l y  s i g n i f i c a n t  s i n c e  t h e  quan t i ty  of t h i s  radia- 

t i o n  i s  possibly a nillion t i m e s  greater than similar radia- 

t i o n  from t h e  Sun. 

Current t h e o r i e s  suggest 

The Lockheed device, a gas  propor t iona l  counter  simllar 

i n  many r e spec t s  to a Geiger counter,  w i l l  be a t  l eas t  t e n  

times more s e n s i t i v e  than devices  flown previously on board 

sounding rockets .  I ts  purpose i s  t o  b e t t e r  map and de f ine  

X-ray sources.  R e s u l t s  from t h i s  experiment could add sub- 

s t a n t i a l l y  t o  o u r  knowledge of s t e l l a r  evolut ion.  

TEE GODDARD LOW ENERGY GAMMA RAY EXPERIMENT 

T h i s  device,  developed under the  d i r e c t i o n  of Kenneth 

F r o s t  a t  the Goddard Space F l i g h t  Center, c o n s i s t s  of an  

ant icoincidence shielded d e t e c t o r  designed f o r  f l i g h t  on board 

t h e  Orbi t ing So la r  Observatory E spacecraf t ,  modified for 

observat ion of l o w  energy gamma rays .  

-more- 
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It w i l l  look f o r  sources  of photons i n  the two t o  180 

Xev range throughout the c e l e s t i a l  sphere. Previously de- 

t e c t e d  X-ray sources  below 10 Kev w i l l  be examined f o r  the 

presence of a high energy component of t h e i r  spec t r a  out t o  

180 Kev. 

tude  con t ro l  of OAO w i l l  p e r m i t  i d e n t i f i c a t i o n  of the s e c t o r  

of t h e  sky from which the  photons o r i g i n a t e .  

The d i r e c t i o n a l i t y  of t he  d e t e c t o r  and the a t t i -  

Data from %his  experiment, a long w i t h  data from o t h e r  

experiments opera t ing  a t  lower energy, should provide a know- 

ledge of the  s p e c t r a  of X-ray sources  over  a wide energy range. 

T h i s  knowledge w i l l  a i d  i n  suggesting and eva lua t ing  poss ib l e  

causes  of X-ray 2mission i n  the  sources  examined. 

ATLAS-AGENA D LAUNCH VEHICLE 

OAO-A1 will be placed i n  i t s  500-mile c i r c u l a r  o r b i t  by 

an  Atlas-Agena D launch vehicle .  OAO i s  the heav ie s t  payload 

ever  carried by t h i s  veh ic l e  combination. 

Because of the  large diameter of t he  OAO spacecraft, 

the s p e c i a l  th ree-sec t ion  shroud developed t o  cover it w i l l  

enclose the Agena second s tage  as  w e l l  as  the spacec ra f t .  

-more- 
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The launch veh ic l e  po r t ion  of t h i s  mission w i l l  be 

longer  than usua l  i n  that  there is a coas t  of 50 minutes i n  

a t r a n s f e r  o r b i t  before  t h e  Agena f i r e s  f o r  a second time t o  

c i r c u l a r i z e  t h e  o r b i t .  The Agena second burn and i n j e c t i o n  

w i l l  occur when the Agena/OAO spacec ra f t  combination i s  south 

of Aus t ra l ia  

AGENA STAGE 

The Agena airframe c o n s i s t s  of a forward sec t ion ,  a tank  

sec t ion ,  an a f t  s e c t i o n  and a boos ter  adapter  sec t ion .  The 

forward sec t ion ,  or forward equipment rack, houses and supports  

the f l i g h t  c o n t r o l  system h e l i u m  tank, e lectr ical  power 

equipment, and communications and c o n t r o l  equipment. The a f t  

s e c t i o n  houses and supports  t h e  propulsion system and asso-  

c ia ted  con t ro l  mechanisms, and t h e  a t t i t u d e  c o n t r o l  gas  sup- 

p l y  t a n k .  

a f t  s ec t ion  and remains w i t h  the Atlas when it separates from 

the Agena. 

The boos ter  adapter s e c t i o n  encloses  the  Agena 

Propulsion i s  provided by a l i q u i d  propel lan t  rocket  

engine system us ing  regenera t ive  cooling. The f u e l  i s  un- 

symmetrical dimethylhydrazine (UDMH) and the ox id ize r  i s  i n -  

h i b i t e d ,  red fuming n i t r i c  acid (IRFNA). The mixture i s  

hypergolic and, i n  t h e  Agena, produces a t h r u s t  of 16,000 

pounds f o r  2 4 0  seconds i n  a vacuum. 

-more- 
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A he l ium s to rage  system mounted i n  the forward equip- 

ment rack provides  p re s su r i za t ion  f o r  t h e  p rope l l an t  tanks. 

The tanks are provided w i t h  sumps at the a f t  ends t o  conta in  

p r o p e l l a n t s  a t  the i n l e t s  t o  t h e  f u e l  and ox id ize r  pumps. 

The sump design incorpora tes  a f i n e  mesh containment 

sc reen  tha t  permi ts  f l o w  of p rope l l an t s  i n t o  t h e  sump as a 

r e s u l t  of the a c c e l e r a t i o n  f o r c e s  during powered f l i g h t ,  and 

inh ib i t s  r e t u r n  flow during vehic le  coas t  periods.  This 

f e a t u r e  eliminates the requirement f o r  ullage rocke t s  f o r  

p rope l l an t  pos i t ion ing .  

OAO SHROUD 

The shroud f o r  t h e  OAO spacec ra f t  enc loses  both t h e  

Agena and the  spacec ra f t  and i s  approximately the same diam- 

eter as the Atlas vehic le .  Because the OAO spacecraf t ,  i n  

i t s  fo lded  conf igura t ion ,  is l a r g e r  i n  diameter than  the Agena, 

a shroud designed t o  cover  only the spacec ra f t  would have 

r e su l t ed  i n  a large hammer-head conf igu ra t ion  unfavorable 

both aerodynamically and s t r u c t u r a l l y .  

The present  shroud, b u i l t  by General Dynamics/Convair 

under Lewis  c o n t r a c t ,  i s  composed of three f a i r i n g s .  The 

nose f a i r i n g  i s  constructed p r imar i ly  of fiberglass; t he  m i d  

and a f t  fairings are aluminum. 

-more- 



-34- 

The nose and m i d  f a i r i n g s  are j e t t i s o n e d  a f t e r  Atlas 

s u s t a i n e r  engine cut-off  during v e r n i e r  f i r i n g  i n  clam she l l  

fash ion  and the a f t  f a i r i n g  remains w i t h  t he  Atlas a t  the 

sepa ra t ion  of Atlas from Agena. 

THE FLIGHT PLAN 

The Atlas booster ,  using l i q u i d  oxygen and RP-1 

kerosene-type f u e l ,  launches Agena and the OAO-A1 from Pad 12 

a t  Cape Kennedy. The Atlas rolls t o  a t r a j e c t o r y  azimuth of 

67' east of no r th  during the v e r t i c a l  a scen t  a f t e r  l i f t - o f f .  

T h i s  unusual northward launch i s  d i c t a t e d  by spacec ra f t  

communications which r e q u i r e  contactwlth Rosman, N.  C . ,  f o r  

the  f i r s t  several o r b i t s .  

BECO (boos ter  engine c u t o f f ) ,  followed by boos te r  

separa t ion ,  occurs some 140 seconds a f t e r  l i f t o f f .  The s u s -  

t a i n e r  engine cont inues t h e  boost phase f o r  some 120 seconds 

longer .  

j e t t i s o n e d .  

of 100 miles  a t  v e r n i e r  engine cu to f f  (VECO). 

Some 4 1/2 minutes i n t o  t h e  f l i g h t ,  t h e  shroud i s  

Atlas has boosted t h e  Agena/OAO t o  an a l t i t u d e  

-more- 
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A f t e r  VECO the Agena/OAO separa tes  from the Atlas and 

the Agena rocket  engine i g n i t e s  t o  p lace  the Agena/OAO i n t o  

a t r a n s f e r  o r b i t  of approximately 86 m i l e s  perigee and 500 

m i l e s  apogee. 

of the  t r a n s f e r  o r b i t  where t h e  Agena r ccke t  errgine r e i g n i t e s  

t c j  c r r c u l a r i z e  the o r b i t ,  

a 500 m i l e  c i r c u l a r  o r b i t  i nc l ined  35' t o  the equator, After 

t n e  OAO separates from the  Agenr;, t h e  Agem yaws t o  a Ineadlng 

90' from the f l ight  path. 

Agena/OAO c o a s t s  about 50 minutes t o  the apogee 

Agena then  i n j e c t s  the OAO i n t o  

OAO GROUND OFERATIONS 

Grcund c o n t r o l  opera t ions  f o r  OXC are d i r e c t e d  from the  

OAO Control  Center at t he  Goddard Space Flight Center and 

three remote-control s t a t i o n s  a t  Rosman, North Carol ina;  

Qui to ,  Ecuador; and Santiago, Chile, which are par t  of the  

S a t e l l i t e  Tracking and Data Acquisi t ion Network. 

Each remote-control s t a t i o n ,  while performing its regu- 

l a r  STADAN sa te l l i t e  t r ack ing  and data-acquisition funct ions ,  

w i l l  a l s o  use  s p e c i a l i z e d  equipment and a d d i t i o n a l  personnel 

t o  provide t h e  s p e c i a l  opera t iona l  and c o n t r o l  f a c i l i t i e s  

required f o r  OAO, This equipment inc ludes  an 85-foot para- 

bolic antenna a t  the Rosman s t a t i o n ,  and 40-foot pa rabo l i c  

antennas a t  Quito,  Ecuador, and Santiago, Chile.  

-more- 
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Functions of t h e  OAO ground c o n t r o l  system are t o :  

- Receive, record,  and d i s p l a y  OAO s t a t u s  and 

experiment data. 

- Evaluate performance of t he  spacec ra f t  and t h e  

experiment apparatus .  

- Generate and t ransmi t  ccmmand information t o  t h e  

spacecraf t .  

- Provide a l i n k  between t h e  spacec ra f t  i n  o r b i t  and 

t h e  experimenter on t h e  ground. 

The OAO c o n t r o l  c e n t e r  a t  Goddard i s  designed t o  

coordinate  and direct  t h e  o v e r a l l  opera t ion  of t h e  OAO system 

on a round-the-clock basis. Its prime func t ions  include:  

- Checking the s a t e l l i t e  for opera t iona l  readiness .  

- Preparing a predic ted  s ta tus  of t h e  spacecraf t  

and experiment r e p o r t  for each pass over  each 

remote-control s t a t i o n ,  

- Generating complete sequences of commands f o r  

t ransmission through each remote-control s t a t i o n  

t o  the  s a t e l l i t e  f o r  proper execution of t h e  ex- 

periment program. 

- Transmit t ing the  sequence of commands and pre-  

d i c t e d  s t a t u s  data t o  t he  appropr i a t e  remote-control 

s t a t i o n .  

-more- 
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- Receiving s t a t u s  and experimental  data from the 

remote-control s t a t i o n s .  

- Analyzing any por t ion  of the OAO system and adapt- 

ing the system t o  func t ion  even i f  d e t e r i o r a t e d  

condi t ions  exist i n  ei ther the spacecraft o r  the  

ground equipment . 

The ground opera t ion  system w i l l  be able t o  ope ra t e  i n  

any of f o u r  modes: ( a )  the i n i t i a l  s t a b i l i z a t i o n  and or ien-  

t a t i o n  mode, (b) checkout mode, ( c )  normal ope ra t iona l  mode, 

o r  ( d )  backup mode. Duration of contac t  w i t h  the  spacec ra f t  

during each o r b i t  w i l l  average 10.4 minutes f o r  any of the 

three da ta -acqu i s i t i on  s t a t i o n s .  

DATA REDUCTION PROCEDURES 

The data-reduct ion f a c i l i t y  a t  GSFC w i l l  r ece ive  by 

m a i l  a l l  OAO-A1 data recorded a t  the remcte s t a t i o n s .  The 

Goddard f a c i l i t y  w i l l  then decommutate, e d i t ,  and reproduce 

data i n  the proper  fcrmat. Equipment used f o r  OAO data pro- 

ces s ing  inc ludes  a PCM synchronizer-decommutator, a computer 

format c o n t r o l  bu f fe r ,  a n  IBEJI-7094 computer, a small IM-1401 

computer, d i g i t a l  p r i n t e r s ,  p l o t t e r s ,  and va r ious  quick-look 

instrument s. 

-more- 
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The purpose of the data-reduct ion f a c i l i t y  i s  t o  provide 

se rv ices  needed by experimenters f o r  the  f i rs t  s t a g e s  of data 

reduct ion . 

Experimental data w i l l  be p u t  i n t o  the form requested by 

the experimenter, us ing  d i g i t a l  magnetic tapes and a format 

compatible w i t h  the  7094 computer. 

At a minimum, t h e  data w i l l  be reproduced i n  the form 

i n  which they were recorded on board the observatory.  

The data-reduct ion f a c i l i t y  w i l l  handle two types  of 

datc; f o r  t h e  OAO: s c i e n t i f i c  experimental data  and a status- 

data time h i s t o r y .  Most of t h e  work w i l l  be related t o  

processing t h e  experimental  data. The data w i l l  be main- 

t a ined  i n  var ious ca t egor i e s  w i t h  one category f o r  each ex- 

periment and o t h e r s  f o r  s t a tus  data and f o r  o r b i t a l  data. 

Data w i l l  be forwarded t o  experimenters f o r  a n a l y s i s  a f te r  

prel iminary reduct ion a t  Goddard. S c i e n t i f i c  r e s u l t s  w i l l  

be reported t o  the  s c i e n t i f i c  community by the experimenters. 

-more- 
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FACT SHEET 

0RE.ITING ASTRONONICAL OBSERVATCRY ( OAO-A1 ) 

SPACECRAFT 

Weight 3,900 pcxnds, including 1,000 pounds of 
s c i e n t i f i c  experiment instruments.  

Main Body Octagonal cy l inder ,  about seven feet  w i d e  
and t e n  feet  long. 

Appendages ( a )  Solar panels,  s i x  panels  w i t h  three 

Extended width 

each mounted a t  180 degrees on sides of main 
body, w i t h  74,000 solar  c e l l s  and t o t a l  
area of 114 square feet .  
of pane ls  i s  21 feet. 

(b) Two balance weight booms n ine  and. cne- 
half feet long which are extended after 
i n j e c t i o n  i n t o  o r b i t ,  mounted oppos i te  each 
other 

( c )  One sunshade: Four feet, 10 inches 
long; f o u r  f e e t ,  three inches wide.  

Power System Spacecraf t  vol tage i s  28 v o l t s ,  d i r e c t  
cu r ren t ;  o v e r a l l  observatory power requi re -  
ments are 405 watts average, w i t h  experiment 
average power requirements of 30 watts. 

COMMUNICATION AND DATA-HANDLING SUBSYSTEM 

Wideband a )  Two 7-watt, 400-Mc RF t r a n s m i t t e r s  
redundant ) . 
b) Two data-handling u n i t s .  

Narrowband Two 1.6-watt, 136-Mc RF t r a n s m i t t e r s  (re- 
te lemet ry  dundant ). 

Radio Comnand Four command r e c e i v e r s  (dua l  redundant pairs 

PCM/PSK ) 

w i t h  combiner i n  each redundant p a i r ) .  

Tracking (CW) Two 100-mw, 136-Mc RF t r a n s m i t t e r s  (re- 
dundant ). 

Systems clock Contains the l o g i c  c i r c u i t r y  providing 
t iming and synchronization s i g n a l s  f o r  ob- 
se rva to ry  equipment. 
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STABILIZATION AND CONTROL SUBSYSTEM: 

Sensors (a )  Eight coarse  sensors  ( f o u r  on p i t c h  
-Sensors a x i s ,  f o u r  on yaw a x i s )  used  i n  i n i t i a l  

s t a b i l i z a t i o n .  
( b )  Eight f i n e  sensors  ( f o u r  on p i t c h  a x i s ,  
f o u r  on yaw a x i s )  - used i n  i n i t i a l  s ta-  
b i l i z a t i o n .  

Rate gyros Three gyros,  one f o r  each a x i s ,  the  vo l t age  
output f o r  each being propor t iona l  t o  t he  
angular  ra te  about i t s  sensing a x i s  used  
during i n i t i a l  s t a b i l i z a t i o n .  

Star Trackers ( a )  S ix  gimbaled t r a c k e r s ,  each mounted 
on a 2-degrees-of-freedom gimbal system. 
( b )  
wi th  t h e  experiment o p t i c a l  a x i s .  

One boresighted s tar  t r a c k e r  a l igned  

Ma n e t i c  
*ers 

Actuators 
Reaction gas  

% i m a m  
j e t s  

Sec ondars 
j e t s  

I n e r t i a  
wheels 
Coarse 
wheels 

- 

Fine 
wheels 
- 

One TV camera provides  a backup system for 
determining spacec ra f t  a t t i t u d e .  

Three torquing bars (one per  a x i s )  - Magnetic 
unloaders reduce iner t ia-wheel  speed. 

( a )  
i n i t i a l  s t a b i l i z a t i o n .  
( b )  
momentum from the f i n e  i n e r t i a  wheels. 

S ix  high-pressure j e t s  used during 

Six  low-pressure j e t s  used  t o  remove 

Six  high-pressure j e t s  f o r  backup during 
i n i t i a l  s t a b i l i z a t i o n .  

Three wheels, one f o r  each a x i s ,  u sed  to 
slew the  spacec ra f t  upon command. 

Three wheels, one f o r  each a x i s  used  t o  f i n e -  
po in t  the spacec ra f t ,  capable of an accuracy 
wi th in  0.1 second of a r c .  

-more- 
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TRACKING AND DATA-ACQUISITION STATIONS (operated under 
supervis ion of OAO Control Center,  Goddard 
Space F l i g h t  Center) : 

TrackinK STADAN network 
S t a t i o n s  

Rosman, N.C. 
Quito,  Ecuador 
Santiago, Ch i l e  

Data- 
a c q u i s i t i o n  
s t a t i o n s  

LAUNCH PHASE 

iaunch S i t e  Complex 12, Cape Kennedy, Fla .  

Launch Rocket Atlas-Agena D. 

Orb i t  500-statute-mile,  c i r c u l a r  o r b i t  i n c l i n e d  
35 degrees t o  t h e  Equator. 

Orbital  101 minutes nominal, 
Perioa 

PROJECT MANAGEMENT-NASA Goddard Space F l i g h t  Center, Greenbelt, 
Md , 

PRIME OAO CON- 
TRACTOR Bethpage, N.Y. 

LAUNCH VEHICLE General Dynamics/Convair, San Diego, Calif. 
CONTRACTOHS Lockheed Missiles and Space Co., Sunnyvale, 

Grumman Aircraft Engineering Corporation, 

Calif , 

-more- 
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OAO-A1 EXPERIMENTS 

P r inc ipa l  In-  
v e s t i g a t o r s  

Professor  Arthur 
Code and D r .  T. 
E. Houck, Univer- 
s i t y  of Wisconsin, 
Madison, W i s  . 

Dr. W. L. Krau- 
shaar, Massa- 
c h u s e t t s  I n s t i -  
t u t e  of Technolo- 
gy, Cambridge, 
Mass. (now a t  
the Universi ty  
of Wisconsin) 

D r .  P. C. F i she r ,  
Lockheed Mi8sileS 
and Space Co., 
Sunnyvale, Calif . 

Experiment T i t l e  B r i e f  Descr ip t ion  

Univers i ty  of Wis- Broad-band u l t r a - v i o l e t  
consin Experiment photometry device w i t h  
Package seven independent observ- 

ing instruments  t o  view 
s p e c t r a l  energy d i s t r i -  
bu t ion  and varying i n t e n s i -  
t i e s  of s e l e c t e d  stars and 
nebulae i n  Angstrom regions  
from 1100 t o  3000. 

MIT Gamma Ray Same high-energy cosmic 
Experiment gamma ray device as 

flown on Explorer X I ,  
A p r i l  27, 1961. W i l l  
measure i n t e n s i t y  and 
a r r i v a l  d i r e c t i o n  of  gam- 
ma rays. 

Lockheed X-Ray A series of d e t e c t o r s  
Experiment designed t o  s tudy sources  

of X-ray emissions i n  the 
sky. Orig ina l ly  developed 
f o r  sounding rocket f l i g h t  . 

M r .  Kenneth F r o s t ,  Goddard Gamma Ray A series of d e t e c t o r s  
Goddard Space Experiment designed o r i g i n a l l y  f o r  
F l i g h t  Center, f l i g h t  on board sounding 
Greenbelt, Md . rocke t s  t o  survey the  

c e l e s t i a l  sphere for 
sources  of photons i n  the 
two t o  180 Kev range. 

-more- 
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THE OAO-AI T W  

NASA HEADQUARTERS 

D r .  H o m e r  E. N e w e l 1  Associate Administrator f o r  
Space Science and Applicat ions 

Jesse L. Mi tche l l  Acting Direc tor ,  Physics and 
Astronomy Programs Division, 
OSSA 

D r .  Nancy G ,  Roman Chief of Astronomy 

C. Dixson Ashworth Program Manager, Astronomical 
Observator ies  

Allan H. Sures  Associate  Program Manager, OAO 

Joseph B. Mahon Agena Program Manager 

GODDARD SPACE FLIGHT CENTER 

D r .  John F. Clark Acting Di rec to r  

Dr. John W. Townsend, Jr. Deputy Di rec to r  

Robert E. Bourdeau Ass i s t an t  D i rec to r  f o r  P r o j e c t s  

Robert R. Z i e m e r  OAO Pro jec t  Manager 

Alber t  G. F e r r i s  OAO Tracking S c i e n t i s t  and 
P ro jec t  Operations Manager 

Robert W. Stroup Experiment Systems Manager 

Dale H. S c o t t  Spacecraf t  Systems Manager 

KENNEDY SPACE CENTER 

Robert H. Gray Ass is tan t  D i rec to r  f o r  Unmanned 
Launch Operations 

-more- 
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LEWIS RESEARCH CENTER 

D r .  Seymour C .  H i m m e l  Ass i s t an t  D i rec to r  f o r  Launch 
Vehicles  

H. Warren Plohr Agena P ro jec t  Manager 

Richard P.  Geye Agena P ro jec t  Engineer f o r  OAO 

PRIME CONTRACTOR - GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

D r .  Ralph Tripp Program Di rec to r  

Donald A .  Imgrarn Pro jec t  Engineer 

MAJOR OAO SUBCONTRACTORS -__- . .-- 
Ground Operations and Tracklng S i t e  Equipment , Westinghouse 
E l e c t r i c  Corp,, A i r  A r m  Division, Baltimore, Md. 

Spacecraf t  Guidance and Control Subsystem, General Elec- 
t r i c  Co., Missiles and Space Vehicles Division, Phi la -  
de lphia ,  Pa, 

S t a r  Trackers (subcontract  to General E l e c t r i c ) ,  Kollsman 
Instrument Corp. , Elrnhurst, N.Y. 

Spacecraft  Data Processing Subsystem , I n t e r n a t i o n a l  
B u s i n e s s  Machines, Federal  Systems Divis ion and Space 
Guidance Center, Owego, N.Y. 

Televis ion Camera, Radio Corporation of America, Astro- 
Elec t ronics  Division, Princeton, N . J .  

LJisconsin Experiaent Package, Cook Laborator ies ,  Chicago, 
1.11. 

Conmunications, Hughes Aircraft  Co., Sanea Monica, Calif . ;  
Data Handling, Radiation, Inc. ,  Melbourne, Fla . ;  

So la r  Array, Spectrolab,  Sylmar, C a l i f . ;  

Battery, Gulton Indus t r i e s ,  Metuchen, N . J .  
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